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1 | INTRODUCTION

Abstract

Aim: To evaluate an intervention to reduce unnecessary urinary catheter use and
prevent catheter-associated urinary-tract infections (CAUTI) in hospitalized patients
across an academic health science centre.

Methods: We conducted a one-group, pretest, posttest study with a theory-based
process evaluation. Phase 1 consisted of a pre/postintervention to test the impact of
a CAUTI protocol. Audits on four units were conducted, and data were analysed de-
scriptively. Phase 2 consisted of a theory-based process evaluation to understand the
barriers/enablers to the implementation. Semistructured interviews were conducted
and then analysed using a systematic approach.

Results: In Phase 1, all inpatients with urinary catheters admitted to the units (N = 4)
during the study period (N = 99, pre) and (N = 99, post) were included. CAUTI prev-
alence rate was 18.2% pre versus 14.1% post (p = .563). In Phase 2, participants
(N = 18) who worked on the units were interviewed, and a total of 13 barriers and 19

enablers were found.
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approximately 10% of the catheterized population are diagnosed
with a CAUTI (Weinstein et al., 1999). The cost per case for CAUTI is

Catheter-associated urinary-tract infections (CAUTI) are com-
mon hospital acquired infections (Clarke et al., 2013; Fletcher
et al., 2016), and are a major patient safety concern. CAUTI pose a
high risk for increased morbidity, mortality, costs and length of stay
(Cassel & Guest, 2012). Approximately 25% of all hospitalized pa-
tients are catheterized during their stay, and almost half of those
are catheterized unnecessarily (Cassel & Guest, 2012). In addition,

estimated at 1,000$ US per patient (Zimlichman et al., 2013).

2 | BACKGROUND

Many studies have examined the implementation of evidence-based
interventions on catheter use and on CAUTI rates (Fakih et al., 2012,
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2013; Marigliano et al., 2012; Saint et al., 2013; Titsworth et al., 2012),
and multiple guidelines have been developed by several organizations
such as the Society for Healthcare Epidemiology of America (SHEA)/
Infectious Diseases Society of America (IDSA) (Hooton et al., 2010; Lo
et al., 2014), the Centers for Disease Control and Prevention (CDC)
(Umscheid et al., 2010), and the Association for Professionals in
Infection Control (APIC) (Lo et al., 2014). These evidence-based guide-
lines need to be embedded into all practice settings.

The CAUTI protocol was based on the Guideline for Prevention
of Catheter-Associated Urinary-Tract Infections (Gould et al., 2019)
and the International Clinical Practice Guidelines from the Infectious
Diseases Society of America (Hooton et al., 2010). The protocol
consisted of four evidence-based components of care to prevent
the risk of CAUTI: (a) the avoidance of unnecessary urinary cathe-
ters, (b) the insertion of catheters using aseptic technique, (c) the
care and maintenance of urinary catheters based on recommended
guidelines, and (d) the review of urinary catheter necessity daily and
prompt removal.

Previous pilot work on the general internal medicine units at a large
academic health science centre showed a decrease in the incidence of
catheter use from approximately 25% of patients down to 12%-15%
after implementation of a standardized protocol (Wooller et al., 2018).
This was also associated with decreased antibiotic prescribing for
catheter-associated bacteriuria on these units, which was sustained for
over a year (Wooller et al., 2018). Based on these positive pilot study
results, this intervention was expanded across the organization. The
overall purpose of the current study was to evaluate an intervention to
reduce unnecessary urinary catheter use and prevent CAUTI in hospi-

talized patients across a large academic health science centre.

3 | METHODS
3.1 | Study design

This was a one-group, pretest, posttest study with a theory-based
process evaluation. In Phase 1, we conducted a preintervention and
postintervention study to test the impact of the intervention to reduce
CAUTI in hospitalized patients between May 2017-February 2018. In
Phase 2, we conducted a theory-based process evaluation to under-
stand the barriers and enablers to the implementation between May-
August 2018. We used the revised Standards for Quality Improvement
Reporting Excellence (SQUIRE 2.0) Standards checklist when writing
the report on our study findings (Ogrinc et al., 2016).

3.2 | Ethical considerations

Approval for this study was granted by the Ottawa Health Science
Network Research Ethics Board (#20170078-01H) and the
University of Ottawa Research Ethics Board (#A04-17-04). Informed
consent was obtained from all individual participants included in the

study.

N inaO 1433
ursingQpen _Wl LEY:

Open Access,

What does this paper contribute to the wider
global clinical community?

e This theory-based process evaluation provided insights
into barriers and enablers to the implementation of an
intervention to reduce unnecessary urinary catheter use.

e The identification of barriers and enablers will not only
help improve the intervention in a local context but will
also help other institutions looking to implement similar

protocols.

3.3 | Setting

The study took place in a large academic health science centre with
approximately 1,080 inpatient beds in Ottawa, Ontario, Canada. A
total of four inpatient units (A, B, C and D) not originally part of the
pilot were selected to participate. These four units were selected be-
cause they had the highest rates of indwelling catheters in the hos-
pital. The population on each unit was primarily as follows: vascular
surgical patients (unit A), orthopaedic surgical patients (unit B), tho-

racic surgical patients (unit C) and general surgical patients (unit D).

3.4 | Phase 1: Preintervention and postintervention
3.4.1 | Population

Using a convenience sample, all patients with an indwelling catheter
admitted to each of these units during the study period were included.

3.4.2 | Procedures and data collection

The CAUTI protocol was implemented using the 4 Es (Engagement,
Education, Execution and Evaluation) of the Translating Evidence
into Practice model (Pronovost et al., 2008). Resources such as pre-
printed order forms and a variety of education materials (i.e. posters,
presentations) were developed. A nurse co-investigator conducted
a train-the-trainer workshop for CAUTI champions focussed on the
risk factors associated with indwelling catheters, recommended pre-
vention and dissemination interventions, and competency-based
catheter insertion technique. The workshop was held during a Nurse
Educator Forum. Physician co-investigators presented the proto-
col at the Resident Orientation Day. Nurse Educators incorporated
the education through their unit-specific in-services. Nurse co-
investigators also conducted targeted education strategies for clini-
cal staff to support the Nurse Educators as needed. An article was
also published in the hospital journal and educational posters were
placed on all the units to help create awareness of the protocol. The
urinary catheter protocol was made widely available for use in the

emergency department and the units hospital-wide.
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Weekly catheter audits took place preimplementation and post-
implementation to ensure a regular review of catheter necessity
for all inpatients with urinary catheters admitted on the four units
during the study period. Data were collected from patients’ charts
by two trained research assistants. Data-collected, included, docu-
mented evidence of (a) a CAUTI protocol in the chart, (b) a urinary
catheter in place, (c) signs and symptoms such as fever (38°C and
above), rigour, altered mental status, malaise, etc., and (d) positive
urine culture. The specific data elements can be found in Appendix

S1: Supplementary File 1.

3.4.3 | Dataanalysis

Patient characteristics (including service, age, sex, acute length of
stay, Elixhauser score, presence of postoperative UTI, UTI diagnosis,
positive urine culture) during the audit periods were compared pre and
post using the hospital administrative database. Descriptive statistics
including mean, median and/or standard deviation were used to sum-
marize the patient characteristics. Independent t tests were used for
continuous data (e.g. age) and chi-squares were used for dichotomous
data (e.g. preintervention and postintervention CAUTI prevalence
rates) to make comparisons on outcomes. A p-value of <.05 was con-
sidered statistically significant. Data were analysed in the Statistical
Package for the Social Sciences version 26.0 (IBM Corp. Released
2019. IBM SPSS Statistics for Macintosh, Version 26.0. IBM Corp.).

3.5 | Phase 2: Theory-based process evaluation
3.5.1 | Procedures and data collection

All nurses, physicians, unit managers, nurse educators and clinical
care leaders who worked during the study period on the audit units
(N = 4) were invited to participate. A recruitment email was sent to
all staff and physicians. The research assistant also visited the units
during daytime working hours to recruit potential participants.
Individuals who said an interest in participating were approached by
the research assistant to further explain the study. All participants in
Phase 2 provided written-informed consent. After informed consent
was obtained, 30-45-min audio-recorded semi-structured interviews
were conducted by the trained research assistant. The interviews,
guided by the 14 domains in the Theoretical Domains Framework
(TDF) (Atkins et al., 2017; Cane et al., 2012; Curran et al., 2013), were
conducted either in person or by phone. The semi-structured inter-

view guide can be found in Appendix S1: Supplementary File 2.
3.5.2 | Theoretical Domains Framework
The TDF is a robust and integrative theoretical framework, devel-

oped by health psychologists and health services researchers, based

on a synthesis of 33 behaviour change theories, clustered into 14

theoretical domains (Atkins et al., 2017; Cane et al., 2012). The TDF
was developed for implementation research across multiple disci-
plines, and use in behaviour change research (Atkins et al., 2017,
Cane et al., 2012; Curran et al., 2013). The framework was validated
with behaviour change experts (Cane et al., 2012), and has been used
to investigate barriers and enablers to intervention implementation
in a variety of clinical situations including blood transfusion (Francis
et al., 2009), preoperative testing (Patey et al., 2012), hand hygiene
compliance (Squires et al., 2014), screening in the emergency de-
partment (Kirk et al., 2016), and electronic fatal health surveillance
(Patey et al., 2017). The TDF, to our knowledge, has not been used in
implementation studies addressing CAUTI.

3.5.3 | Data analysis

Descriptive statistics, such as means and standard deviations were
used to summarize the characteristics of the participants. Interviews
were transcribed verbatim and were analysed using NVivo qualita-
tive data analysis software (NVivo qualitative data analysis software;
QSR International Pty Ltd. Version 12, 2018). Interviews were ana-
lysed using a six-step approach (Squires et al., 2014): coding, gen-
eration of specific beliefs, identification of themes, aggregation of
themes into categories, assignment of barrier or enabler to each of
the categories and analysis for shared, discipline-specific and con-
flicting barriers and enablers. Specifically, the approach consisted of
the following steps. First, two reviewers independently coded the
participant transcripts by assigning text segments to relevant do-
mains of the TDF. Discrepancies were resolved through discussion
until consensus was met. Second, specific belief statements were
generated in each domain of the TDF for the coded segments of text,
and then similar belief statements were grouped together. Belief
statements are short statements that summarize and represent the
underlying themes. Third, themes were generated inductively from
the grouped belief statements. Fourth, themes were then grouped
into broad categories. Fifth, each theme was classified as either a
barrier or an enabler to using the CAUTI protocol. Sixth, themes
were examined in relation to whether they were shared barriers and
enablers (shared was defined as a similar statement mentioned by
two or more individuals), discipline-specific (e.g. nurses, physicians,
managers) or conflicting barriers and enablers. Theming was done
first in and then across domains. Frequency scores were calculated
for the number of participants describing each barrier and enabler.

4 | RESULTS
4.1 | Phase 1: Preintervention and postintervention
4.1.1 | Patient characteristics

Using the hospital administrative database, we compared patient

characteristics preimplementation and postimplementation of the
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protocol (Table 1). The demographics of participants were simi-
lar across the measurement periods except for greater number
of patients on the medical service (p <.001), and a longer acute
length of stay (p =.005) postintervention. Approximately half of
patients were female, and the average age of the participants was
64 + 17 years old in both the preintervention and postinterven-
tion group.

4.1.2 | Audits

Data were collected on patients who had an indwelling urinary cath-
eter N = 198 (pre N = 99, post N = 99). Overall, the prevalence of
CAUTI rates was 18.2% pre versus 14.1% post, but the difference
was not statistically significant (p = .563). The audit results can be
found in Table 2.

TABLE 1 Patient characteristics (audit

units) Variable

Encounters (unique)
Patients (unique)
Service

Acute medical

Acute surgical/
Planned surgery

Age
Mean + SD
Median (IQR)
Sex
F
M
Acute length of stay
Mean + SD
Median (IQR)
Elixhauser score?
Mean + SD
Median (IQR)
NSQIP Flag®

NSQIP Post-operative
uTI®

UTI diagnosis®

Positive urine culture®

N inaO 1435
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4.2 | Phase 2: Theory-based process evaluation

In phase 2, we recruited a total of 18 participants (N = 18), 4 were
male (22.2%) and 14 were female (77.8%) to participate in the semi-
structured interviews. More than half of the participants were
nurses (N = 10, 55.6%). Additional demographic information is avail-
able in Table 3.

Using the TDF (Atkins et al., 2017; Cane et al., 2012; Curran
etal., 2013), the barriers and enablers related to the use of the CAUTI

protocol to manage patients with urinary catheters were identified.

4.2.1 | Relevance

All 14 TDF domains were relevant to the use of the CAUTI protocol.
More beliefs reflected enablers (N = 19) compared to barriers (N = 13).

Preintervention Postintervention

2017-05-01 - 2017-06-30 2018-01-01 - 2018-02-28 p-Value
1,166 971

1,117 934

<5(0.4%) 30 (3.1%) <.001
1,161 (99.6%) 941 (96.9%)

63.79 +17.16 64.12 + 16.75 .655
66 (53-76) 66 (55-75) .968
600 (51.5%) 486 (50.1%) 517
566 (48.5%) 485 (49.9%)

5.32+5.00 5.95+5.34 .005
4(2-7) 4(2-8) .001
2.37 +5.02 2.67 +5.30 176
0(0-2) 0(0-4) .073
67 (5.7%) 66 (6.8%) .317
0(0.0%) 0(0.0%)

<5 (0.4%) <5(0.5%) 771
9(0.8%) 16 (1.6%) .061

?0verall score calculated based on the 31 comorbidity indicators (van Walraven et al., 2009).

bCases available in the National Surgical Quality Improvement Program (NSQIP) database.

“Patients who developed a symptomatic urinary tract infection in 30 days after the principal
operative procedure in the NSQIP database.

dpatients with post admit diagnosis of urinary tract infection during inpatient hospital admission.

€Patients who had a positive urine culture (colony count > 100,000/ml urine) during admission.
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Preintervention

Postintervention

TABLE 2 Auditresults (all 4 units)

Variable (June 2017) (January 2018) p-Value
Patients with assessed indwelling 99 99
urinary catheter
Patients with a documented 83(83.8%) 98 (99.0%) .000
catheter in last 48 hr
Catheter inserted in the ED 8 (8.0%) 6 (6.0%) .783
Protocol form completed in chart n/a 12 (12.1%)
Patients with culture results 44 (44.4%) 46 (46.5%) .887
available
Patients with positive culture 32(32.3%) 32(32.3%) 1.000
CAUTI prevalence 18 (18.2%) 14 (14.1%) .563
Nurse Physician® Managers® Total TABLE 3 Participant characteristics
Characteristics (N =10) (N=3) (N=5) (N =18, 100%)
Gender
Male 3 1 0 4(22.2%)
Female 7 2 5 14 (77.8%)
Highest educational level
College 2 0 0 2 (11.1%)
Bachelor degree 8 0 3 1(61.1%)
Medical school 0 2 0 2 (11.1%)
Master’s degree 0 1 2 3(16.7%)
Years of experience on unit
<1 0 0 1 1(5.6%)
1-5 4 3 1 8 (44.4%)
6-10 4 0 2 6(33.3%)
11-15 2 0 1 3(16.7%)
16+ 0 0 0 0 (0%)

21 physician assistant based on role at the hospital.
bClinical care leader, educator, and unit manager.

4.2.2 | Shared themes

Shared themes are defined as being barriers or enablers that are
shared by at least two people or shared between two different pro-

vider groups.

4.2.3 | Barriers

There were a total of 13 barriers across 11 TDF domains. The top
three barriers to the implementation of the CAUTI protocol were: (a)
competing priorities or time constraints (N = 11, 61.1%), (b) patient
characteristics, preferences and previous patient history (N = 10,
55.6%), (c) availability of the protocol (N = 8, 44.4%); confusion with
the protocol overlapping with other orders related to catheters
(N =8, 44.4%). Table 4 provides further details of the barriers.

4.2.4 | Enablers

There was a total of 19 enablers across 12 TDF domains. The three
most common enablers were: (a) knowing the benefits of using the
protocol (N = 16, 88.9%), (b) the importance of education and train-
ing (N = 13, 72.2%); the protocol being all-inclusive, easy and ready
for use (N = 13, 72.2%); easy access to the protocol (N = 13, 72.2%),
and (c) the awareness and agreement with the evidence (N = 12,

66.7%). Table 5 provides further details of the enablers.

4.2.5 | Conflicting themes

In certain instances, themes were identified as both a barrier and
an enabler depending on the participants’ responses. A total of

five themes were conflicting including: (a) competing priorities:
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participants (N = 10, 55.6%) identified competing priorities or time
constraints as a barrier, whereas other participants (N = 2, 11.1%)
felt that there were no competing tasks or priorities (an enabler); (b)
protocol use: Participants (N = 3, 16.7%) did not use the protocol
(a barrier), however, others (N = 8, 44.4%) intended to use or had
already used the protocol (an enabler); (c) awareness of protocol:
Participants (N = 2, 11.1%) stated that they were aware of the pro-
tocol (an enabler), and (N = 2, 11.1%) were not (a barrier); (d) protocol
clarity: Participants (N = 8, 44.4%) felt that the protocol was confus-
ing and overlapping with other orders (a barrier) whereas other par-
ticipants (N = 13, 72.2%) stated that the protocol was all inclusive,
easy and ready for use (an enabler); and (e) remembering to use the
protocol: Participants (N = 2, 11.1%) needed a reminder (a barrier)
whereas others (N = 4, 22.2%) were automatically using it.

4.2.6 | Nurse-specific themes

Registered Nurses were the only key informant group to describe
discipline-specific beliefs. There were three nurse-specific barriers
(N = 3) and one enabler (N = 1). The barriers included: (a) do not in-
tend to call for signature or to complete the protocol (N = 2, 11.1%),
(b) need for a reminder (N = 2, 11.1%), (c) previous experience (i.e.
with finding protocol, patients with catheters without UTlIs) (N = 2,
11.1%). The nurse-specific enabler was that nurses typically initi-
ate the protocol and initiate the discussions about catheter removal

(seen as nursing role) (N = 2, 11.1%).

5 | DISCUSSION
5.1 | Summary of the findings

Overall, our findings showed the difficulties in implementing a
CAUTI protocol across a large academic health science centre. In
phase 1, our findings demonstrated that the implementation inter-
vention did not work across the four audit units. Phase 2 was put in
place as a theory-based process evaluation to help us improve the
implementation process, whether it was successful or not. Our study
identified some common enablers to the implementation of the
CAUTI protocol such as knowing the benefits; education and train-
ing; protocol all-inclusive, easy and accessible; and awareness and
agreement with the evidence. However, some key barriers were not
addressed in the implementation process which included compet-
ing priorities or time constraints; patient characteristics, preferences
and previous patient history; availability of the protocol; confusion

with the protocol overlapping with other orders related to catheters.

5.2 | Comparison to previous research

Meddings et al. (2014) evaluated interventions to reduce catheter use

and CAUTIs. They found that interventions to reduce unnecessary

catheter use were successful, and they also identified the impor-
tance of addressing socioadaptive factors (Meddings et al., 2014).
These socioadaptive strategies, which focussed primarily on enhanc-
ing attitudes and behaviours related to CAUTI, included leadership,
staff and patient engagement, and enhanced communication (Saint
et al., 2016). Another systematic review of interventions to reduce
catheter-related infections found that all interventions had some
form of education as a key component (Flodgren et al., 2013). In our
study, although education was a key component, other components
were lacking to address the main barriers determined during the pro-
cess evaluation. Thus, the benefits of performing a process evalua-
tion are that in cases such as in our study where despite the evidence
that this protocol worked in another setting (Lo et al., 2014; Torpy
etal., 2012), and did not work at our hospital we can gain insight into
why this was the case.

Strategies targeting the identified barriers need to be imple-
mented (French et al., 2012). This included having better integra-
tion of the protocol with current processes. For example, a possible
method to mitigate competing priorities and time constraints of the
CAUTI protocol could be to model the practice by a peer expert
and conduct audit and feedback at the individual level. In order to
reduce the confusion with protocol overlapping with other orders
related to catheters, a redesign of the process specifically in light
of the recent changes to an electronic health record system at the
hospital. The CAUTI protocol could be incorporated into the elec-
tronic documentation. This may also reduce the number of steps
for physicians to manually obtain and fill out the order sheet. We
also identified the need for tailoring the protocol to the needs of
local units. For example, on the surgical and orthopaedic units, the
CAUTI protocol needed to be embedded into the existing clinical
pathways. We also needed to ensure that the protocol was always
available. Furthermore, tools would need to be developed to sup-
port providers in teaching patients about catheter use. According to
a systematic review (Jones et al., 2019), no single intervention can
be recommended to effectively reduce CAUTI. Therefore, the iden-
tification of barriers and enablers not only helped to improve the
intervention in a local context but will also help other institutions
looking to implement similar protocols.

5.3 | Strengths and limitations

This study included a broad range of providers to better gain insight
on the implementation issues. A clear limitation was the low uptake
of the intervention, which was further explained by the process eval-
uation. The audits were done only on four units, which may not rep-
resent the uptake of the intervention across all the other units. Only
four themes were discipline-specific and therefore could be a re-
flection of the sample size. This study also highlights the challenges
in scaling up quality improvement work. Even though something
worked in a different service line in a hospital it does not necessarily
translate to a different service line implying the need for true local

efforts as being part of the “secret sauce” for quality improvement.
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6 | CONCLUSION

In conclusion, this study used multiple methods to evaluate the im-
plementation of the CAUTI protocol across a large academic health
science centre. No statistically significant differences in CAUTI

prevalence rates were noted preintervention and postintervention.

7 | RELEVANCE TO CLINICAL PRACTICE

The theory-based process evaluation provided insights into barriers and
enablers to the implementation which may help reformulate the inter-
vention in the future. In addition, more attention should be paid to trans-
lation into daily practice and to the importance of ongoing evaluation.
Finally, further research on larger scale implementation of the interven-

tion are required to draw sound conclusion about its effectiveness.
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